Extremely low birth weight infants (ELBW) are born at a time when the fetus is undergoing rapid intrauterine brain and body growth. Continuation of this growth in the first several weeks postnatally during the time these infants are on ventilator support and receiving critical care is often a challenge. These infants are usually highly stressed and at risk for catabolism. Parenteral nutrition is needed in these infants because most cannot meet the majority of their nutritional needs using the enteral route. Despite adoption of a more aggressive approach with amino acid infusions, there still appears to be a reluctance to use early intravenous lipids. This is based on several dogmas that suggest that lipid infusions may be associated with the development or exacerbation of lung disease, displace bilirubin from albumin, exacerbate sepsis, and cause CNS injury and thrombocytopena. Several recent reviews have focused on intravenous nutrition for premature neonate, but very little exists that provides a comprehensive review of intravenous lipid for very low birth and other critically ill neonates. Here, we would like to provide a brief basic overview, of lipid biochemistry and metabolism of lipids, especially as they pertain to the preterm infant, discuss the origin of some of the current clinical practices, and provide a review of the literature, that can be used as a basis for revising clinical care, and provide some clarity in this controversial area, where clinical care is often based more on tradition and dogma than science.
Introduction
The capability to provide intravenous fluids and nutrition, for critically ill neonates, has existed for almost 40 years. Despite vast improvements from the original formulations and opti mization by means of administration, considerable confu sion remains about optimal usage, and much still needs to be learned, to optimize this form of therapy. Several recent reviews have focused on intravenous nutrition for premature neonates, but few have provided comprehensive review of intravenous lipid, for very low birth weight (VLBW) neo nates, and other critically ill neonates.
Based on recent studies in the last few years that were catalyzed by conferences at National Institutes of Health, many centers started to use early more aggressive parenteral nutrition (continuous glucose infusion at a rate of 6-8 mg/kg/day; protein 3 mg/kg/day), starting within the first 1-2 hours after birth. Despite the adoption of a more aggressive approach with amino acid infusions, there is still reluctance to the early use of intravenous lipids. This is based on several dogmas that suggest that lipid infusions may be associated with the development or exacer bation of lung disease, can displace bilirubin from albumin, can cause central nervous system (CNS) injury, can cause thrombocytopenia, and can exacerbate sepsis. In reality, the data for these are nonexistent, misinterpreted, or lacking. Furthermore, there is clear evidence nowadays that fat emulsions can be tolerated well by VLBW and extremely low birth weight (ELBW) infants starting from the first day, and even from the first 1-2 hours of life. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Many dogmas still exist, and appear to be the responsible for not to use 2-3 g/kg/d of intravenous lip ids by many neonatologist in VLBW and ELBW infants from Intravenous Lipids for Preterm Infants: A Review ghassan s. a. salama, Mahmmoud a.F. Kaabneh, Mai n. almasaeed and Mohammad l.a. alquran the first day of life. Here, we would like to provide a brief basic overview of lipid biochemis try and metabolism of lipids, espe cially as they pertain to the preterm infant, discuss the origin of some of the current clinical practices, and provide a review of the literature that can be used as a basis for revising clinical care and provide some clarity in this controversial area, where clini cal care is often based more on tradition and dogma.
biochemistry and Metabolism of Lipids composition of lipid emulsions. Lipid emulsions are composed of three elements: triglycerides (TGs), phospholi pids (PGs), and glycerol.
Triglycerides. These provide the substrate, as a source of energy and essential fatty acids. Triglycerides are formed by combining glycerol with three molecules of fatty acids. The glycerol molecule has three hydroxyl (HO-) groups (Fig. 1) .
Fatty acids are categorized according to the number of carbon atoms and the position and number of any double bonds into saturated, monounsaturated, and polyunsatu rated fatty acids. Both saturated and monounsaturated fatty acids can be synthesized from acetyl CoA derived from the metabolism of fat, carbohydrate, or protein. Linoleic acid (9,12octadecadienoic, C 18:2ω6) and αlinolenic acid (9,12, The triglycerides that are used are either soya or safflower oil triglycerides, which are rich in longchain C16-C18 fatty acids (longchain triglycerides [LCTs] ). However, they are also rich in polyunsaturated fatty acids, of the omega6 series; mediumchain triglycerides (MCTs) made up of C8-C10 fatty acids; olive oil triglycerides with monounsaturated fatty acids; or fish oil derivatives. Linoleic acid, EPA), and DHA belong to the omega3 series.
Phospholipids. These are emulsifying agents. Phospholip ids form the structural bilayer of all cellular and subcellular membranes, regulating the movement of ions and nutrients and facilitating communication of intracellular metabolic events in response to external stimuli. Phospholipids also have important roles in lung surfactants, bile lipids, and plasma lipoproteins (Fig. 2) .
Glycerol. This is added to make the emulsion isotonic (HOCH 2 CHOHCH 2 OH). The commercially available mixtures are lipid emulsions composed exclusively of LCT and rich in omega6 fatty acids, a mixture of LCT and MCT in different proportions, and structured lipids in which the triglyceride has both longchain fatty acids (LCFA) and mediumchain fatty acids (MCFA) esterified with the same glycerol molecule. Lipid peroxidation and free radicals. Lipid peroxidation is a natural metabolic process under normal conditions and refers to the oxidative degradation of lipids. It is the process whereby free radicals "steal" electrons from the lipids in the cell membranes, resulting in cell damage. Antioxidants (dif ferent molecules that speed up termination by catching free radicals, and therefore protect the cell membrane) such as vitamin E, superoxidase dismutase, catalase, and peroxidase enzymes are made within the body. It is important to remem ber that the activity of antioxidants is decreased under stress conditions (anoxia, hypoxia, starvation, and hypothermia), which are common in ELBW infants. Other factors that can lead to increased free radicals formation in ELBW infants are vitamin E deficiency, 11 the degree of light that the intravenous lipid is exposed to, [12] [13] [14] [15] [16] phototherapy, 17 blood transfusions, 18 and the increase of the carbohydrate-fat ratio of the ELBW infant supplementation.
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The tolerance and clearance of lipid infusion. The triglyceride portion of lipid emulsion particles is hydrolyzed by heparinactivated endothelial lipoprotein lipase (LPL) or hepatic triglyceride lipase. The liver rapidly removes lipid emul sion particle remnants. Free fatty acids (FFAs) can be captured by the adjacent tissues, or circulate bound to albumin, for use in other tissues or uptake by the liver. The activity of endothelial LPL increases with gestational age, as well as with postnatal age, and is inhibited by stress (sepsis and surgery), theophyl line, and malnutrition, ie, small for gestational age (SGA). 20 Insulin is found to increase the endothelial LPL activity.
The tolerance of lipid infusions is based on the ability to hydrolyze the intravenous fat. Infants less than 33 weeks of gestational age cleared fat at a rate of 0.16 g/kg/h, and those who were older than 33 weeks cleared fat at a rate of 0.3 g/ kg/h. 21, 22 While the clearance of lipid infusions is based on the rate and the interval of infusion, multiple studies showed that rate not exceeding 0.25 g/kg/h over 24 hours in fullterm infants and 0.15 g/kg/h over 24 hours in VLBW infants is well tolerated and is not associated with increased plasma lipid values. 3, 6, 10, [23] [24] [25] [26] Different serum TG concentration norms are recommended by different authors (eg, 100-150, ,200, ,250 mg/dL). Empirically the authors monitored the plasma TG levels and did not allow them to climb above 300 mg/dL because the clearance of lipid emulsion is saturated at con centrations above 400 mg/dL or 4.5 mmol/L. 27 A study by Adamkin et al. 1 suggested that premature infants receiv ing continuous infusions of intravenous fat emulsion over a 20 to 24hour period could tolerate serum triglyceride levels of ,250 mg/dL, without any undesirable consequences.
Lipids of 20% compared to lipids of 10% have half the amount of phospholipids relative to the same amount of trig lycerides (provide a lower phospholipid-triglyceride ratio) making it a more efficient clearance of triglycerides, even at higher infusion rates than 10% solution. 28, 29 It is a wellknown fact that structured lipids (SLs) are cleared more slowly than MCT, but faster than LCT, and the LCFA in SL is oxidized more rapidly than in a mixture of MCT/LCT. 30 Thus, there is a greater tendency toward hypertriglyceridemia with LCT than MCT emulsions. 31 It was found that serum total triglyceride concentrations in .32 and ,32week gestation premature infants ranged between ∼50 and 130 mg/dL when provided with up to 3 g/kg/day as a continuous infusion. However, when provided in 8hour regimen, levels of over 300 mg/dL were seen, espe cially in the ,32week premature infants. 24 The practice of increasing intravenous lipid infusion in increments is ques tionable and based on tradition rather than science. 32 There is no evidence to support the common practice of gradually increasing the daily lipid intake to induce further lipid clear ance. 26 Studies using a higher starting dose of 2-4 g/kg/day of intravenous lipids in newborn (term, VLBW and ELBW) infants 3, 6, 10, 22, 25 showed that these doses are well tolerated, with no significant increase in serum total triglycerides; step wise increase in intravenous lipid infusion in VLBW and ELBW infants does not improve lipid clearance or tolerance; and more rapid infusions of intravenous lipid were found to be safe. Heparin is another factor that enhances lipid clearance by facilitating LPL activity. Although most authors still recom mend the use of heparin dosing at 0.5-1 units/mL of Parenteral nutrition (PN) solution, with a maximum of 137 units/day to improve the intravenous lipid tolerance, and to stabilize serum triglyceride values, some authors still believe that the increase in LPL activity by heparin leads to an increase in FFAs that may exceed the infant's ability to clear the products of lipoly sis, and may weaken the binding of LPL to the endothelium (heparin induces release of LPL from the endothelium into the circulation); hence, they do not recommend the routine addition of heparin with the intravenous lipid infusion. [33] [34] [35] It was found that, stimulation of LPL activity with heparin in "bolus" injection is ineffectual, while slow continuous admin istration reduces the serum TG concentration, which is useful in VLBW infants. 8, 36 Another factor is carnitine, as in vitro studies have suggested that fatty acid oxidation is impaired when the tissue carnitine levels fall below 10% of normal, but a metaanalysis by Cairns et al. 37 showed no benefit of paren teral carnitine supplementation on lipid tolerance. Moreover, a retrospective study by Martin et al. 38 showed that patients who received lipids delivered in plastic bags are more likely to have hypertriglyceridemia than those who received lipids from glass bottles. This is possible because of a higher proportion of largediameter fat globules in plastic bags. Based on the above discussion, we believe that it does not make sense to evaluate serum triglycerides before, during, and after each change in lipid infusion. Twice a week and even weekly evaluation of serum triglycerides in otherwise stable premature infants on intravenous lipid infusion is fair enough.
Lipids and protein accretion and energy. Increase in pro tein mass is a measure of true growth, and protein accretion rate comparable to that of the agematched fetus should be the primary goal of neonatal nutrition. 26 ELBW infants on sup plemental glucose only lose approximately 1%-1.5% of protein stores daily (approximately 1.2-1.8 g protein/kg body weight), while they should have been accumulating protein at a rate of 2% per day. 39 Although rates of protein synthesis increased to the same degree in ELBW and term infants, rates of protein breakdown remained high in ELBW infants, 26 which meant a full term on 90kcal/kg/day and 2.5 g protein/kg/day is in a positive nitrogen balance, but ELBW infants on 80 kcal/kg/day and 3 g protein/kg/day are still in a negative nitrogen balance.
The minimal glucose requirement to provide basal meta bolic needs for the ELBW infant and to maintain adequate energy for the brain is approximately 6 mg/kg/min. In addi tion to that, 25 kcl/kg or about 2-3 mg/min pre kilogram of glucose per gram of protein intake is necessary to support pro tein deposition all that will be equal 12-15 mg/kg/min. 26 The upper limit of glucose delivery should be less than the maxi mal glucose oxidative capacity (approximately 18 mg/kg/min); otherwise, excess glucose will be converted to fat, and thus increase energy expenditure, increase oxygen consumption, increase carbon dioxide production, increase lipogenesis, and may lead to fatty liver. Of concern is hyperglycemia, which is quite common in ELBW infants (20%-85% of cases after the second day of life). Glucose as dextrose is commonly initi ated at the endogenous hepatic glucose production, and a uti lization rate of 8-10 in ELBW infants provides 40-50 kcal/ kg/day and preserves carbohydrate stores, 40 but most authors recommend starting with 6-8 mg/kg/min, which provides around 40 kcal/kg/day, so the 1,000g ELBW infants still need around 30 kcal of energy for growth and positive nitro gen balance, which is 2.7-3 g of 20% lipids (at a rate of 0.112-0.125 mg/kg/day) and is even less than the recommended safe rate for lipid infusion. It is almost equal to 40% of the com position of the recommended total nonprotein calories (and not above the maximum fat oxidation) and still can be pro vided on the first day of life, with no side effects as mentioned above. Moreover, increased energy intake by adding lipid to parenteral nutrition improves nitrogen retention and utiliza tion significantly, resulting in positive nitrogen balance, 3, 41, 42 decreases energy expenditure and glucose utilization by reduc ing lipogenesis, 2,3 reduces both carbon dioxide production and oxygen consumption, 2,3,43 provides higher energy storage, increases the net fat storage, and most importantly, prevents essential fatty acid deficiency. The requirement for lipids to meet energy requirements of eLbw infants. Assume a premature infant weighing 1 kg and requiring at least 80-90 kcal/kg/day for growth when on exclusive parenteral nutrition (Table 1) .
essential fatty acid deficiency in VLbw infants. The ELBW infant is particularly vulnerable to insufficient lipid supply because significant in utero fat accretion does not occur until the third trimester. 27 At 70% of gestation, there is little fetal lipid uptake. Fetal energy metabolism is not dependent on fat until early in the third trimester, and it then increases only gradually toward term. The accretion of adipose tissue begins at a gestational age of 25 weeks and continues at 1-3 g/kg/day. 7 The body composition of a premature infant of 1,000 g is approximately 0.5% glycogen, 8.5% protein, and 1% fat, which equals 10 g of fat 44, 45 or 20 g in ELBW infants at birth. 17 If the infants are not on supplemental lipids, they will lose 1.2 g/day of stored fat.
To prevent fatty acid deficiency, an intake of linoleic acid is recommended at 4%-5% of total calories 46, 47 and linolenic acid at 1% of total calories.
ELBW infants, with deficient dietary intake, must mobi lize fatty acids early for caloric needs.
Essential fatty acid deficiency may be present at birth in premature infants 11, 48 but mostly can develop over a 72hour period of deprivation. The clinically apparent manifestations Based on a minimal intake of 80 kcal/kg/d, a fat intake of 0.6 to 0.8 g fat/kg/d will meet linoleic acid recommendations and 1.0 g fat/kg/d will meet linolenic acid recommendations from a solution that is 100% soy. Because the 50% soy and 50% safflower mixture provides less linolenic acid, the amount required to meet recommendations is 2.0 g fat/ kg/d. in case of 100-120 Kcal/kg/d that will be equal 2. of fatty acid deficiency in premature infants are mostly due to omega6 fatty acid deficiency (scaly dermatomes, inflamed skin, decreased skin pigmentation, decreased growth, hepatic steatosis, hematologic disturbances, and diminished immune system status) because signs of omega3 fatty acid deficiency (reduced visual acuity, increased stereotyped behavior and altered learning, and exploratory and aggressive behavior) are difficult to be detected in premature infants clinically.
Lipids and indirect hyperbilirubinemia. Most infants with ELBW develop clinically significant hyperbilirubinemia (jaundice) that requires treatment. ELBW infants are at a higher risk of kernicterus at levels of bilirubin far below those in more mature infants, although specific serum bilirubin lev els that are safe versus toxic have never been elucidated. It was suggested that FFAs released after liposis of the parenteral lipids may displace bilirubin from albumin binding sites, especially in premature infants ,30 weeks GA and ELBW infants, resulting in increased unbound bilirubin 49 and an increased risk of kernicterus. Although it is usually recom mended to keep the FFA-albumin molar ratio below 6 to limit the risks of toxicity, 50 the ratios above which displacement of bilirubin might occur are differentiated by different authors: 4, 5, 6, and even 10. Starinsky in 1970 51 was the only one who showed the occurrence of free bilirubin when the ratio exceeded 6. The displacement of bilirubin from binding sites on serum albumin may occur even with adequate metabolism of infused lipids. In vitro, displacement of albumin (ALB) bound bilirubin by FFAs depends on the relative concentra tions of all three compounds. An in vivo study has shown no generation of free bilirubin if the molar FFA-ALB ratio is less than 6. [52] [53] [54] There is clear evidence that intravenous lipid emulsion does not have a significant effect on indirect hyper bilirubinemia in VLBW and ELBW infants. 6, [52] [53] [54] [55] There is in vitro evidence that a few of the MCFAs may improve the binding of bilirubin to albumin and that this effect varies with the length of the chain. 57 Studies have indicated that inter mittent lipid infusion is associated with considerable fluctua tions in FFA-albumin molar ratios, which did not occur with the continuous infusion. 24, [52] [53] [54] Administering multivitamins containing vitamins C and E with the lipid emulsions via glass bottles and dark delivery tubing (protecting it from photo therapy and ambient lights) provides the most effective way of preventing peroxidation of the lipid. Studies using a higher starting dose of 3-4 g/kg/day of intravenous lipids in newly born (VLBW and ELBW) infants 6, [52] [53] [54] 58 showed that high dose (3-4 g/kg/day) immediately after birth can be tolerated in VLBW and ELBW infants, with no adverse effect on bili rubin concentration. Since hyperbilirubinemia and serum lip ids appear to be clinically independent factors, the infusion of lipids should not be withheld from jaundice infants on total parenteral nutrition.
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Lipids and hypoglycemia. When the maternal source of glucose has been lost, the ELBW newborn must rapidly develop its own endogenous capacity for producing glucose, which will be from the hepatic glycogen. Due to the high spe cific requirements of cerebral metabolism (90% of total glu cose utilization is by the brain in infants), glucose utilization is very high in ELBW newborns, so with a high glycogenolytic rate, it will deplete its glycogen stores. Sunehag et al. 59 dem onstrated that very premature infants receiving glucose at half their normal basal glucose turnover rates, in conjunction with appropriate amounts of lipids and amino acids, maintain nor moglycemia by the production of glucose primarily via gluco neogenesis. Data from the study by Sunehag 60 demonstrated that whereas withdrawal of intralipids from parenteral nutri tion resulted in a significant decrease in rates of gluconeogen esis, withdrawal of trophamine did not affect gluconeogenesis, but the rate of glycogenolysis increased. They suggested that intralipid plays a primary role in supporting gluconeogenesis. In a study by Sunehag et al. 61 , very premature infants were given glycerol by vein, and they found that the rates of glu coneogenesis observed in infants receiving only glycerol were comparable to those observed in infants receiving the fat emul sion containing both glycerol and fatty acids, and conclude that glycerol is the most important component of the lipid emulsion in supporting gluconeogenesis in very premature infants. Ferre et al. 62 showed that the intrahepatic oxidation of fatty acids was necessary to provide the energy required to sustain a high rate of gluconeogenesis and proposed that glucose production was enhanced as a result of increased fatty acid oxidation and the generation of ATP, NADH, and acetylCoA. From the above discussion we conclude that intralipid is a very important concentrated source of energy, providing nearly three times the energy of glucose on a per gram basis, and early introduction of intravenous lipid emulsion in ELBW infants is very important for both prevention and treatment of hypoglycemia in ELBW infants in the first few days of life.
Lipids and hyperglycemia. Between day 2 and day 7 of life, hyperglycemia (blood glucose concentrations of .150 mg/dL) occurs very frequently among parenterally fed ELBW infants. ELBW infants receiving 3-4 mg/kg/min glu cose infusion and 0.25-0.5 g/kg/h intravenous lipids (these exceedingly high lipid infusion rates are not used in preterm or term infant) developed hyperglycemia, which could be due to an increase in FFAs, which can be through decreasing periph eral glucose utilization (peripheral glucose intolerance) and/or inhibiting the effect of insulin to suppress hepatic glucose pro duction (central [hepatic] insulin resistance). Again not only is the intravenous lipid emulsion the offender in the etiology of hyperglycemia of ELBW infants but many other factors are also associated with hyperglycemia of ELBW infants: the initial rates of IV glucose administration, stress (painful procedures such as venipuncture and cut downs, endotracheal tube irrita tion during ventilator treatment, and catecholamine infusions), medications (theophylline and dexamethasone), the severity of clinical problems in the neonate, the fractional concentra tion of inspired oxygen, and the respiratory distress score. 63 MitanchezMokhtari et al. 64 reported that extremely preterm infants with hyperglycemia during the first week of life had a very high concentration of proinsulin, although insulin con centration did not differ significantly from that noted in nor moglycemic controls. MitanchezMokhtari et al. 64 also found that hyperglycemic neonates responded to exogenous insulin infusion, but needed higher doses to achieve normoglycemia. These data suggest the possibility that insulin resistance is of physiological/biochemical importance in the VLBW neonate. Sunehag et al. 59 showed that when the glucose infusion rate is reduced, the VLBW neonate can use part of the energy supplied by noncarbohydrate sources, including glycerol and amino acids, to sustain the blood glucose concentration. It is possible that a reduction in the glucose infusion rate, even if partially offset by an increase in the administration of lipid and amino acids, might allow some reduction in blood glucose concentrations while reducing the risk of energy deficiency. Murdock et al. 65 showed that early introduction of amino acids lowers serum blood glucose, and suggested that this was due to the stimulatory effect of amino acids on insulin secre tion. Adamkin 66 suggested that early parenteral nutrition with amino acids prevents hyperglycemia. Thus, providing glucose at a rate equivalent to the basal glucose turnover rate of these infants (6-8 mg/kg/min or 33-44 µmol/kg/min), in addition to the currently recommended rates of lipid (∼3 g/kg/day on days 3-4 of life) and amino acid substrate (important for pro tein synthesis) (∼3 g/kg/day), may be a potential strategy to reduce the risk of hyperglycemia, without increasing the risk of either energy insufficiency 67, 68 or hypoglycemia. Yunis et al. 69 showed that in combination with nutrients usually given, such as glucose and amino acids, glucose production is not enhanced by MCFA administration. Williamson et al. 70 , Stein et al. 71 , Alstrup et al. 72 , and Clore et al. 73 showed that saturated fatty acids have more potent effects on insulin release, glucose oxi dation, glucose production, and gluconeogenesis than unsatu rated fatty acids. While, on the other hand, Summers et al. 74 showed that monounsaturated fatty acids have a greater effect on glucosestimulated insulin secretion than saturated fatty acids. Anne et al. 75 showed that infants with hyperglycemia could benefit from the administration of parenteral nutrition containing a lipid emulsion with less effect on glucose produc tion, such as linoleic, to combine sufficient energy supply with minimum effects on glucose metabolism.
Lipids and chronic lung disease. Bronchopulmonary dysplasia (BPD) is common in very preterm infants (born at ,32week gestational age), with respiratory distress syndrome. BPD is a form of chronic lung disease (CLD) that develops in preterm neonates treated with oxygen and positivepressure ventilation.
Concerns about the early use of intravenous lipids in VLBW premature infants have centered on mortality and morbidity associated with their use in the development of CLD due to increased membrane oxidant damage or infil tration of pulmonary tissue by lipid particles. The study by Cooke 76 determined, among 659 infants 2:30 weeks from the years [1983] [1984] [1985] [1986] [1987] [1988] [1989] , that intravenous lipid during the first 21 days was significantly associated with the development of CLD. Hammerman and Aramburo 77 hypothesized a deleteri ous effect of early intralipid infusion on pulmonary function and showed an increased incidence and severity of CLD.
Sosenko et al. 78 in a study designed to evaluate the effect of early intralipid infusion on CLD, even though there was no difference in the mortality rate or incidence of BPD between the two groups (early lipid vs no lipid), showed that the most concerning data about the potential adverse effect of early lipid is that infants with birth weight 600-800 g receiving early lipids were more likely to have pulmonary hemorrhage and had a higher mortality rate than the control group.
Many studies investigated the effect of early infusion of lipid emulsion, but found no effect on the incidence of death or CLD. 6, 55, 79, 80 And the concerns about the association of increase in mortality and higher incidence of CLD completely have been refuted by metaanalysis of six randomized controlled trials (RCTs) published only in abstract by Fox et al. 81 Because of the vulnerability of the VLBW premature to the effects of undernutrition, the early withholding of nutri tion in general, and lipid nutrition specifically, from these critically ill neonates could potentially increase their risk of developing CLD and damage.
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Lipids and diffusion of oxygen in the lungs, blood pH, and pulmonary hypertension. The use of the conservative approach of intravenous lipid emulsion infusion for VLBW infants is due to the possible pulmonary deposition associated with a decrease in pulmonary oxygen diffusion, decrease in arterial oxygen tension (pO2), as suggested by Greene et al. 82 and Pereira et al. 83 , and increase pulmonary vasomotor tone and arterial pressure. [84] [85] [86] Cashore in 1982 87 showed that fat emulsion administered at a rate of 0.2 g/kg/h had no effect on oxygenation of neo nates weighing less than 1500 g. Branes et al in 1986, 25 study ing fat emulsion tolerance in VLBW neonates (820-1510 g and 27-34 weeks of gestation) and its effect on diffusion of oxygen in the lungs and on blood pH using three regimens of administration of fat emulsion for a period of 8 days, found that even starting with a high infusion of 4 g lipids/kg/day (0.167 mg/kg/h) had no deleterious effect on blood pH and alveolar-arteriolar oxygen diffusion gradient.
Giovannini et al. 88 and Zeigler et al. 4 suggested that the production of CO 2 is 40% lower per unit of energy during intravenous administration of fats, an important consideration in case of pulmonary insufficiency.
In their study, Prasertsom et al. 89 used twodimensional echocardiography and estimated pulmonary vascular resis tance from right ventricular preejection period to ejection time (RVPEP/ET) in 11 preterm infants with respiratory dis tress to test the effect of different doses of a continuous lipid infusion (1.5 and 3 g/kg/day of intravenous lipid). They found CliniCal MediCine insights: PediatriCs 2015:9 that continuous 24h infusion of lipid caused a significant dose and timedependent increase in pulmonary vascular resistance. Intravenous lipid may aggravate pulmonary hyper tension. They mentioned that pulmonary arterial pressure returned to baseline 24 hours after the intravenous lipid had been discontinued, and all the infants in their study improved clinically despite the increases in RVPEP/ET. Many authors focused on the role of eicosanoid metabolism, rather than a mechanical obstructive effect on the development of pulmo nary hypertension during intravenous lipid infusion.
Lipid and immunity. Some authors had been focusing only on the adverse effect of intravenous lipid infusion on the immune system. Colomb et al. 90 , Sweeney et al. 91 , and Okada et al. 92 reported that in vitro studies showed adverse effect of lipids on the survival of monocytes and binding of interleukin 2 to its receptors. On the other hand, Strunk et al. 93 , Usmani et al. 94 , and Wheeler et al. 95 reported that in vivo studies did not reveal adverse effects of lipid emulsions on complement factors or polymorphonuclear leukocyte function. Dahlstrom et al. 96 did not find an impairment of monocyte activation and complement factors in children on longterm parenteral nutrition.
Weirnik et al. 97 studied the effect of intralipid on the function of mononuclear monocytes in vivo and in vitro and found that in vivo after intralipid administration, the NBT reduction of monocytes on stimulation with Escherichia coli was significantly higher, there was no difference in the mean mono cyte count, there was no significant difference in the mean num ber of ingested yeast particles, and the granulocyte counts were significantly higher than before. While in vitro the NBT reduc tion of monocytes did not change significantly after incubation with intralipid, a significant decrease in the NBT activity of the granulocytes at rest, significant increase in the chemotac tic motility of monocytes, and the spontaneous migration of monocytes were not statistically significant, mean while at the same time regarding to the granulocytes, both the chemotactic and spontaneous migrations were significantly decreased after incubation with lipid. In both in vivo and in vitro after incu bation in intralipid, the monocytes ingested a higher number of yeast particles per cell, but the number of attached particles decreased, and as for the granulocytes, the number of ingested particles per cell was decreased, while the number of attached particles per cell increased after interlipid exposure.
Lipids and sepsis. There are conflicting data about the use of intravenous lipids in VLBW and ELBW infants and sepsis, whether intravenous lipid infusion can increase the incidence of sepsis in VLBW and ELBW infants, or the pres ence of sepsis will increase the incidence of unwanted side effects of intravenous lipid in VLBW and ELBW infants.
A case-control study among 882 infants reported that infants with coagulasenegative staphylococcus bacteremia were 5.8 times as likely as controls to have received lipid emul sion before the onset of bacteremia. Freeman et al. 98 reported that 56% of all the cases of nosocomal bacteremia could be attributed to lipid administration. In contrast, other investi gators described sick VLBW infants with a lower incidence of coagulase negative staphylococcal bacteremia, although they received significantly larger amounts of lipids. 99 In their studies Hammerman and Aramburo, 77 Gilberston et al. 55 , and Sosenko et al. 78 reported that there was no clinical evidence of increased susceptibility to bacterial infection between early and no early lipid group.
Park et al. 100, 101 and Dahlström et al. 96 showed that in septic premature infants, triglyceride levels tend to be higher and fatty acid oxidation and lipid clearance were lower than in nonseptic patients, but we should mention that in those studies high doses of heparin were applied and 10% lipid emulsion was used. Toce et al. 102 showed that there is no association between hypertriglyceridemia and infection. On the other hand, several reports have shown strong correlations between low plasma cholesterol and mortality in critically ill or infected patients. [103] [104] [105] Hypertriglyceridemia is generally thought to benefit cells involved in the immune response and tissue repair by neutralizing certain microorganisms and their toxins.
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Sammalkorpi K et al. 109 , suggested that, the host response in inflammation is accompanied by profound alterations in lipid metabolism, and hence the distribution and composition of lipoprotein subclasses especially high density lipoproteins (HDL), which mainly consist of apolipoproteins and phospho lipids. In patients with bacterial focus and systemic inflamma tory response and severe sepsis, a decrease in total HDL could be demonstrated, with a loss of mainly large apolipoprotein AI (apoAI) HDL particles, a total loss of apoCI, and an increase in apoE HDL and phospholipid transfer protein (PLTP) activity was increased paralleled by a redistribution of PLTP into a population of small (120 to 200kDa) particles, probably representing PLTP homodimers or lipidcomplexed PLTP. 110 HDLs mediate reverse cholesterol transport and the clearance of inflammatory mediators such as bacterial lipopolysaccharide (LPS) 110 and scavenging radicals and inhibit oxidation to protect the cell membranes (HDL car ries proteins such as paraoxonase, clusterin [apoJ, S40:40], protectin [CD59], plateletactivating factor acetylhydrolase, and ceruloplasmin transferring). 111 HDLs are also capable of binding mediators of the inflammatory response, such as LPS, a membrane lipid of gramnegative bacteria. 110, 112 Ele vated HDL concentrations protect against the lethal effects of endotoxic shock. ApoEcontaining HDLs were found to accumulate during inflammation, which may contribute to the increase in PLTP activity and to an improved supply of fatty acid molecules for energy supply and phospholipids to various peripheral tissues, which must maintain cellular membrane homeostasis under conditions of inflammatory stress. 108 Lipoproteins bind the bioactive lipid, a portion of the molecule, and prevent it from stimulating monocytes and macrophages and other LPSresponsive cells. Lipoprotein CliniCal MediCine insights: PediatriCs 2015:9 bound LPS is cleared from the circulation principally by the liver, 113 where the LPS may then be excreted into the bile. However, the use of lipid emulsion and nutritional support are very important in septic VLBW and ELBW infants, to avoid excessive carbohydrate intakes and to prevent the skin manifestation (dermatitis) caused by essential fatty acid defi ciency, and thereby decrease the incidence of bacterial and fungal infection.
Lipids and platelets. Concerns have been raised regard ing the possible adverse effects of intravenous lipid infusion on platelets count and function. Goulet et al. 114 reported that longterm administration of PN with lipid emulsion induced hyperactivation of the monocyte-macrophage sys tem with hematologic abnormalities, including recurrent thrombocytopenia due to the reduced platelet lifespan and hemophagocytosis in bone marrow. Herson et al. 115 reported thrombocytopenia associated with intravenous lipid emul sion infusion in children who were on very longterm home Total parenteral nutrition (TPN) for months to years. On the other hand, Jarrnvig et al. 116 , Porta et al.
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, and Planas et al. 118 showed that intravenous lipid emulsion infusion does not affect either platelet number or platelet function. In their studies on VLBW and ELBW infants, Hammerman and Aramburo 55 and Gilbertson et al. 77 reported that there was no significant difference between early and no early lipid infusion. However, delay in intravenous lipid emulsion infu sion to VLBW and ELBW infant caused essential fatty acid deficiency, especially linoleic acid deficiency, which is associ ated with low platelet count. We think that the dogma about intravenous lipid infusion-associated thrombocytopenia might be either related to the effects of αtocopherol (vitamin E) on membrane properties of platelets or heparininduced platelet dysfunction, or both, but not caused by lipid emulsion per se. Studies of prolonged vitamin E deficiencies in rat have indeed demonstrated a variety of hematological effects, ie, elevated platelet and reticulocyte counts, normocytic anemia, increased in vitro platelet aggregation, and peroxideinduced erythrocyte hemolysis. 119, 120 On the other hand, supplemen tation of vitamin E to vitamin E-deficient patients caused a return of the high platelet count to its normal level. So the initially appearing high platelet count in fatty acid and vita min E-deficient VLBW and ELBW infants will return to its actual low level after the induction of intravenous lipid emulsion and the fatsoluble vitamins, especially vitamin E. Platelet aggregation is a threephase response: shape change, microaggregation (primary aggregation), and macroaggre gation (secondary aggregation). 121 Heparin impairs primary hemostasis, at least in part, by impairing platelet function. 122 Intravenous heparinization inhibits platelet macroaggrega tion markedly. 123, 124 The inhibition of platelet macroaggrega tion is not dose related when heparin doses of 30 U/kg, or more are administered, and the VLBW and ELBW infants usually receive 0.5 to 1 unit heparin/1 ml parenteral nutrition infusion and for relatively long periods which could be the cause behind the thrombocytopenia. One should always not forget the many other factors causing thrombocytopenia in VLBW and ELBW infants.
Lipids and retinopathy of prematurity. In the outer seg ments of the retina, more than 50% of their fatty acid con tent of the photoreceptors of the eye is DHA. It is the special properties of permeability and perhaps fluidity of the DHA that probably account for this high concentration. 125 In addi tion to its important role in brain development, DHA plays a vital function in developing vision sharpness or acuity. DHA is found in high concentrations in the photoreceptors of the retina and supplies lipids to the retinal membrane. During the first 6 months of life, a baby's retinocortical system -which enables it to distinguish between light and dark -matures rapidly. Healthy fullterm infants have shown an average 20% improvement each month, between the ages of 2 and 7 months. Later on, this ability to see fine light and dark contrasts will help babies recognize facial features and expression. [126] [127] [128] It has been noted that, when levels of DHA are too low, abnor mal visual functioning and peripheral neuropathy occur. 129 Several RCTs have reported that preterm infants fed LCP UFAenriched formulas have enhanced visual development, including improved retinal sensitivity and visual acuity, com pared with those fed unsupplemented formulas. [126] [127] [128] [130] [131] [132] Many authors studied the effect of early introduction of intravenous lipid emulsion to the VLBW and ELBW infants on retinopathy of prematurity (ROP). Hammerman and Aramburo 77 reported an increase in the incidence of ROP in the early lipid group to no early lipid group. Gilbertson et al. 55 , Sosenko et al. 78 , and Ibrahim et al. 6 did not find any signifi cant difference in the incidence of ROP, between early and no early lipid groups. Douglas D et al. 10 showed that there was a significant increase in the incidence of ROP in no early lipid group, compared with the early lipid group. Salama et al. 133 showed that early aggressive introduction of intravenous fat emulsion is associated with better retinal development in pre term infants, and thus decreases the incidence of ROP. The researchers found that increasing omega3 fatty acids and decreasing omega6 fatty acids in the diet reduced the area of vessel loss that ultimately causes the growth of the abnormal vessels and blindness. Omega6 fatty acids contribute to the growth of abnormal blood vessels in the retina. Omega3 fatty acids create chemical compounds known as bioactive media tors, which protect against the growth of abnormal blood ves sels, a condition that characterizes some forms of retinopathy. In part, this occurs because these mediators suppress a type of inflammatory protein called tumor necrosis factor alpha (TNFalpha). TNFalpha is found in one type of cell, called microglia, which can be closely associated with retinal blood vessels.
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Lipids and necrotizing enterocolitis. Necrotizing enterocolitis (NEC) is the most common severe neonatal gas trointestinal emergency that predominantly affects premature infants. 135 No single study mentioned an increase in the incidence of NEC in early intravenous lipid infusion to VLBW and ELBW infants. Hammerman and Aramburo, 77 Gilbertson et al. 55 , Sosenko et al. 78 , and Ibrahim et al. 6 showed that there was no statistically significant difference between early and no early lipid groups. Douglas D et al. 10 showed that there was a sig nificant increase in the incidence of NEC in the no early lipid group (14%), compared with early lipid group (0%). Caplan and Tilling 136 showed that LCPUFA reduced intestinal inflammation and decreased the incidence of NEC. Carlson and Ziegler 128 showed that infants fed the phospholipid containing formula had a lower incidence of NEC, compared with infants in the nonsupplemented group.
Lipids and PdA. No single study mentioned an increase in the incidence of PDA in early intravenous lipid infusion to VLBW and ELBW infants. Brownlee et al. 80 and Ibrahim et al. 6 reported no statistical difference in the incidence of PDA between early and no early lipid groups. Gilbertson et al. 55 , Hammerman and Aramburo, 77 and Sosenko et al. 78 showed no significant trend to decrease the incidence of PDA between early and no early lipid groups. Further studies to evaluate the incidence of spontaneous closure of PDA and reopening of a PDA with the use of early intravenous lipid emulsion infusion to the VLBW and ELBW infant are needed.
Lipids and intraventricular hemorrhage. ELBW infants (birth weights of ,1,000 g) are already at risk of cere bral bleeding, particularly during their first week of life, as a result of immature blood vessels in the germinal matrix, and the nonfully developed autoregulation of cerebral blood pressure.
One of the dogmas is that intravenous lipid infusion to VLBW and ELBW infant increases the incidence of intra ventricular hemorrhage (IVH), but actually to our knowledge no single study showed that the use of intravenous lipid infu sion per se was the cause of IVH. We think that there is a misunderstanding because many authors reported increased incidence of IVH with the use of PN in general. Many authors reported that hyperglycemia in VLBW and ELBW infants on PN is associated with IVH. On the other hand, because the brain is the principal glucose consumer, accounting for 90% of glucose utilization in newborn infants, a large cerebral bleed ing will disturb brain metabolism and reduce its glucose con sumption, leading to hyperglycemia. 137 Previously the dogma was that the intravenous lipid emulsion causes hyperglycemia in VLBW and ELBW infants. But as we have shown previ ously, the use of intravenous lipid in combination with amino acids decreases the incidence of hyperglycemia in the VLBW and ELBW infants. So we expect, decrease or at least no increase in the incidence of IVH with the use of intravenous lipid infusion in VLBW and ELBW infants. Hammerman and Aramburo, 77 Gillbertson et al. 55 , Sosenko et al. 78 , and Ibrahim et al. 6 , showed that there was no significant differ ence in the incidence of IVH (all grades) in the early and no early lipid groups.
Lipids and growth and neurodevelopment. Fatty acids are contained in the membranes of every cell in our body, particularly concentrated in the membranes of brain cells, heart cells, retinal cells, and immune system cells. Because brain activity depends greatly on the functions provided by lipid membranes, most of the dry weight of the brain is a lipid (fat). DHA is particularly concentrated in membranes that are functionally active, namely in synapses and in the retina. A fatty acid in phosphatidylethanolamine of human gray mat ter cell membrane is roughly 25% DHA, 25% stearic acid, 14% AA, and 12% oleic acid. 125 The greatest dependence on DHA occurs in the fetus during the last trimester of pregnancy, and (to a lesser extent) in the infant during the first 3 months after birth. It is during this period that brain synapses are forming most rapidly, and an infant's demand for DHA exceeds the capacity of the enzymes to synthesize. The DHA content of the brain increases three to five times during the last trimester and again during the first 12 weeks after birth. Research has shown that when infants receive reduced amounts of DHA, they have a smaller brain development. Researchers have noticed that DHA is required for the development of the cerebral cortex and also for the numerous functions the brain is responsible for, including that of signal transmission and cognitive functions.
A treatment of intravenous infusion of glucose, amino acids, and emulsion enriched with essential fatty acids, lino leic acid, and linolenic acid was given to 30 pregnant women with intrauterine growth retardation and 28 nonessential fatty acids treated cases as controls. There was a marked gain in fetal biparietal diameter, and on the estimated weight of the treated group over the control group. The mean birth weight was significantly different in the two groups. The fetal bipari etal diameter increases much more in fetuses of malnutritioned mothers if she treated with essential fatty acids at 28-34 ges tational weeks, than those treated at 34-37 weeks, which indi cates that early initiation complements of n3 and n6 fatty acids to the mother, may correct pregnancyinduced essential fatty acids deficiency and maternalfetal malnutrition, which demonstrates a fetal catchup of growth in the brain and the whole body. Ehrenkranz et al. 138 reported that motor devel opment at 8 years of age correlated most strongly with HC growth from birth to discharge. Franz et al. 139 showed that poor early neonatal HC growth was associated with abnormal neurological examination and abnormal mobility at the age of 5.4 years, and poor early neonatal weight gain was associated with abnormal neurological examination with lower mental processing composite scores in multiple regression models, accounting for perinatal risk factors and socioeconomic status. Ehrenkranz et al. 138 reported that, a higher rate of HC growth and weight gain from birth to discharge was associated with a lower incidence of cerebral palsy, subnormal mental develop mental index, and neurodevelopmental impairment. As we said previously the most common cause of poor growth in VLBW and ELBW infant is the inadequate nutrition. Many authors studied the effect of early aggressive use of parenteral nutrition on growth and neurodevelopment in general (Table 2 ).
summary
Here, we would like to summarize this review using the words of our great teacher professor Josef Neu:
Most if not all the dogmas that have prevented the early use of intravenous lipids have either been disproved, not based on fact, or weak. There are compelling reasons for early use of lipids, which include prevention of EFA deficiency, provision of energy, and provision of substrates for LCPUFA synthesis all of which are important for the growth and development of VLBW and ELBW infants.
No treatment is without risk. Clinicians must balance the benefits versus the risks when using 2-3 g/kg/day intravenous lipid infusion from day 1 of life in VLBW and ELBW infants. We found that the benefits are much more than the risks, if any. So we strongly recommend giving the VLBW and ELBW infants 2-3 g/kg/day intravenous lipid as a continuous infusion over 24 hours at a rate not exceeding 0.15 g/kg/h within the first 24 hours of life.
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